Sampling littoral fish assemblages is an important component of ecological assessment in many lakes. Choosing the most appropriate gear for fish sampling can be difficult due to the many options available (Murphy and Willis 1996) . To further complicate matters, a single sampling gear usually provides only a partial representation of a fish assemblage because it cannot capture all species and size-classes (Murphy and Willis 1996) . Consequently, use of multiple sampling gears instead of a single gear often provides a better representation of fish species composition and size structure in lakes and wetlands (Weaver et al. 1993; Knight and Bain 1996; Fago 1998; Shoup et al. 2003; Lapointe et al. 2006 ; but see Pugh and Schramm [1998] and Vaux et al. [2000] ). Nevertheless, careful evaluation of multiple gears is needed before initiating fish sampling to ensure that the information gained by each gear is sufficiently different to justify the additional effort of using multiple gears.
Our goal was to compare two common gears-fyke nets and electrofishers-for sampling littoral fish assemblages. Although previous studies have compared these gear types (e.g., Knight and Bain 1996; Fago 1998; Pugh and Schramm 1998; Vaux et al. 2000; Lapointe et al. 2006) , few evaluations have focused on species composition and size structure of fish collected with small-mesh fyke nets and boat electrofishers in littoral habitats of lakes. Our objective was to determine whether small-mesh fyke nets and boat electrofishers provided complementary or redundant information on littoral species composition and size structure. We hypothesized that small-mesh fyke nets would select small-bodied fishes (Brazner et al. 1998; Breen and Ruetz 2006) , whereas electrofishing would select large-bodied species (Chick et al. 1999; Dolan and Miranda 2003) . Moreover, movement patterns should affect the catchability of fishes in passive and active gears; therefore, fyke netting should select mobile fishes (Hubert 1996) and electrofishing should select sedentary fishes (Reynolds 1996) .
Methods
Study site.-Muskegon Lake (1,697-ha surface area; Muskegon County, Michigan) is located on the eastern shore of Lake Michigan. The lake was formed by the combination of sand dunes constricting the flow of the Muskegon River (MR) before it enters Lake Michigan and inundation of the ancient river valley formed when historic Great Lakes levels were much lower (Jude et al. 2005) . Fish were sampled at three fixed littoral-zone sites representing a gradient from the mouth of MR to Lake Michigan in areas with relatively natural shoreline (much of the lake has hardened shoreline). Sites were located at the mouth of the MR's north channel (43815. Three fyke nets were set at each site in shallow areas (depth , 1 m) during a sampling event. Two nets were positioned parallel to the shoreline (leads fished end to end) and one net was positioned perpendicular to the shoreline (mouth of net facing shoreline) to increase the likelihood of capturing fish swimming along the shoreline (perpendicular set) and those swimming between deeper and shallower areas (parallel set). Distance between perpendicular and parallel fyke nets was about 25-50 m. Fyke nets were set during daylight conditions between 1043 and 1600 hours and retrieved to process fish after about 24 h (i.e., 1 net-night). Fish were identified to species, measured to the nearest 1 mm total length (TL), and released.
The design of the fyke nets was similar to that commonly used throughout the Great Lakes basin (e.g., Brazner et al. 1998; Uzarski et al. 2005) and is described in detail by Breen and Ruetz (2006) . Fyke nets were constructed of 4-mm mesh; a lead (length ¼ 7.20 m) extended from the middle of the net's mouth (1.2 3 0.9 m), and the wings (length ¼ 1.75 m) extended from each side of the mouth (at 458 to the lead).
We used a Smith-Root electrofishing boat (7.5 generator-powered pulsator control box; pulsed DC) to sample littoral fish assemblages at night. The current ranged from 4 to 6 A at 240 V. Transects were 10 min (pedal time) in duration and were conducted parallel to shoreline between 2013 and 0040 hours at each site (in areas with relatively homogenous habitat); two people netted fish from the bow while the boat was run at idle speed. Distance of the electrofishing transects was about 500-750 m. Fish were held in a recirculating live well until the completion of each transect, when captured fish were identified, measured, and released.
Data analysis.-We used nonmetric multidimensional scaling (NMDS) to explore differences in community composition between fyke netting and electrofishing (McCune and Grace 2002) . The input data for NMDS were relative abundance (i.e., proportion) of each species collected at a site during a sampling event (for each gear), which provided a stronger basis to make comparisons given that sampling effort (fykenetting ¼ 3 net-nights; electrofishing ¼ 10-min pedal time) differed between gears. The NMDS was performed with the Bray-Curtis distance measure (Kruskal and Wish 1978) , 400 maximum iterations, 40 runs with real data, and 50 randomized runs for Monte Carlo permutation procedure in PC-ORD (version 4.0; MjM Software). We used a three-dimensional solution of NMDS because the change in stress (i.e., measure of optimality of an ordination solution) was minimal with additional dimensions (see McCune and Grace 2002) . A blocked multiresponse permutation procedure (MRPP; Zimmerman et al. 1985) was performed in PC-ORD to test for differences in community composition between gears. Each site sampling event was a block. We used Euclidean distance measures, natural weighting, and median alignment within blocks in the MRPP. Finally, differences in the mean TL of captured fish were compared between the two gears with a paired t-test, and a 95% confidence interval (CI) of that difference was calculated as a measure of effect size (sampling events at each site were treated as independent observations).
Results
Fyke netting captured 2,177 fish representing 34 species, whereas boat electrofishing captured 760 fish representing 33 species. Five species were collected only by fyke netting and four species were collected 826 only by electrofishing (Table 1) . A total of 38 species was captured by both gears, but less than half (i.e., 16 species) accounted for more than 1% of the combined catch (Table 1) . Most common species were captured at multiple sites and sampling events (Table 1) ; however, more than 99% of mimic shiners were collected by fyke netting at SP during summer 2005.
The captured fish species composition differed between fyke netting and electrofishing. The second dimension of the NMDS ordination explained the greatest amount of variation (i.e., 35%) in species composition of any single dimension and was the best discriminator of gear type (Figure 1 ). The first and third dimensions explained 20% and 24% of the variation, respectively, and represented a combination of season and year effects (not shown). The Monte Carlo test indicated that our three-dimensional real-data solution reduced stress significantly more than could be expected by chance alone (P , 0.020). Stress for the three-dimensional solution stabilized at 13.5 after 35 iterations. More importantly, the MRPP indicated that the difference in species composition between fyke netting and electrofishing was significant (P , 0.001). Analyzing data stratified by year did not change our general conclusions. Both common and rare species were associated with the separation of gears in the NMDS ordination. Fish associated with fyke netting had positive species scores on axis 2, whereas fish associated with electrofishing had negative species scores on axis 2 (Figure 1 ). MANAGEMENT BRIEF Species strongly associated with fyke netting were the brown bullhead, common shiner, brook silverside, banded killifish, round goby, yellow bullhead, mimic shiner, bluntnose minnow, and tadpole madtom (Table  1) . Species strongly associated with electrofishing were the Chinook salmon, longnose gar, quillback, silver redhorse, freshwater drum, golden redhorse, walleye, gizzard shad, channel catfish, white sucker, emerald shiner, and common carp (Table 1) . Limiting the NMDS ordination to species representing more than 1% of combined catch or more than 1% of catch within each gear did not change the conclusion that species composition differed between gears. Fish (mean TL ¼ 7.6 cm, SE ¼ 0.5 cm) collected by fyke netting were significantly smaller than those (mean TL ¼ 20.4 cm, SE ¼ 1.9 cm) collected by electrofishing (t ¼ 6.33, df ¼ 13, P , 0.001). On average, fish captured by electrofishing were 12.8 cm (95% CI ¼ 5.5-17.2 cm) larger than those captured by fykenetting. This trend was apparent for 25 of 29 species captured by both gears (Table 1) .
Discussion
Species composition and size structure of fish sampled by fyke netting differed from those of fish sampled by boat electrofishing in Muskegon Lake. Fyke netting targeted smaller fish than electrofishing, which partially explains the difference in species composition between gears. Seven of 9 fishes (i.e., common shiner, brook silverside, banded killifish, round goby, mimic shiner, bluntnose minnow, and tadpole madtom) most strongly associated with fyke netting (based on species' scores from NMDS ordination) are typically small bodied as adults, whereas 11 of 12 species most strongly associated with electrofishing are large bodied as adults (see Becker [1983] and Hubbs et al. [2004] for lengths of fishes). Some of the small-bodied fishes associated with fyke netting exhibit schooling behavior (e.g., common shiner, brook silverside, banded killifish, mimic shiner, and bluntnose minnow) and are considered mobile (Becker 1983) ; these traits make them more susceptible to passive gears (Hubert 1996) . Catostomids accounted for 4 of 12 species most strongly associated with electrofishing and are often considered sedentary during the nonbreeding season (Becker 1983; Bunt and Cooke 2001) ; thus, they are more susceptible to active gears (Reynolds 1996) . However, some mobile species (e.g., Chinook salmon and gizzard shad) were primarily captured by electrofishing, which may have been caused by both avoidance of fyke netting and increased susceptibility to electrofishing. Finally, our results were consistent with findings in Great Lakes coastal wetlands, where the catch of small-mesh fyke nets was dominated by young-of-the-year fish and small-bodied adults (Brazner et al. 1998; Uzarski et al. 2005) .
Size selectivity of electrofishing and fyke netting contributed to differences in species composition of the catch. Our findings in Muskegon Lake support (1) laboratory work indicating that electrofishing is highly size selective and unlikely to represent a fish assemblage of both small-and large-bodied species (Dolan and Miranda 2003) and (2) field studies in wetlands, where electrofishing was biased toward larger individuals (Chick et al. 1999) . The selectivity of fyke netting for small-bodied species was probably a consequence of the design of our fyke nets, which were constructed with small mesh (4 mm) and had moderate throat size (diameter ¼ 15 cm). Entrapment gear with larger mesh and throat sizes would probably target larger fish (Holland and Peters 1992; Shoup et al. 2003) . Physical constraint (based on throat size) should not have prohibited entry of fish larger than we typically captured in fyke nets; therefore, the lack of larger fish in our nets indicates that these fish are more likely to avoid entrapment gear when mesh size is small relative to their body size. However, fish approaching the physical constraint limits of entrapment gear are often not well represented in the catch (Shoup et al. 2003) .
Given the widespread use of entrapment gear (i.e., fyke, trap, and hoop nets) and boat electrofishers for sampling fish (Hubert 1996; Reynolds 1996) , relatively few studies have evaluated the benefits of using the two gears in combination. Unfortunately, some of those studies used gears with unique designs that prevent comparisons with our study. For instance, trap nets used by Knight and Bain (1996) consisted of minnow traps sewn into a seine, and mini fyke nets used by Fago (1998) had 2.5-cm-mesh exclusion netting over the mouth of the net, which limited entry of large fish. Studies conducted in large rivers found that boat electrofishing both captured more fish species than hoop netting (Pugh and Schramm 1998) and did not differ markedly from hoop netting (Lapointe et al. 2006) . We found that small-mesh fyke nets and boat electrofishers captured similar numbers of species, even though the relative abundance of species differed between gears. Lapointe et al. (2006) suggested that the main reason their findings differed from the findings of Pugh and Schramm (1998) was that they electrofished a microhabitat (i.e., held boat over center of a site) rather than using a transect approach. Mesh size (25-35 mm) of hoop nets used by Pugh and Schramm (1998) also was considerably larger than that used by Lapointe et al. (2006) . In contrast to our findings, Lapointe et al. (2006) did not find strong differences in species composition between small-mesh hoop nets and boat electrofishers, although they analyzed species composition based on presence-absence rather than relative abundance. Finally, a study of the littoral habitat of lakes reported that electrofishing (conducted from a boat with backpack or barge electrofishing units) captured more species than trap netting and thus provided an effective alternative (Vaux et al. 2000) , as the two gears provided redundant information. Integrating our findings with those of previous studies suggests that gear bias is habitat specific and is strongly dependent on gear design and sampling protocols.
Although electrofishing is generally expected to select larger fishes (e.g., Chick et al. 1999) , comparisons of captured fish size structure between entrapment gear and boat electrofishing have reported mixed results. Entrapment gear captured smaller northern pikeminnow Ptychocheilus oregonensis (Beamesderfer and Rieman 1988) and crappies Pomoxis spp. (Sammons et al. 2002) and larger smallmouth bass (Beamesderfer and Rieman 1988; Milewski and Willis 1991) and bluegills (Schultz and Haines 2005) than did electrofishing. Negligible differences in size were reported for walleyes (Beamesderfer and Rieman 1988) and American eels Anguilla rostrata (Reynolds and Holliman 2004) captured with the two gear types. Electrofishing also was reported to typically sample a wider range of sizes than hoop netting, but clear, consistent differences in fish size structure between the two gear types were not apparent (Pugh and Schramm 1998) . The larger mesh size (range ¼ 13-50 mm) of entrapment gear used in the aforementioned studies is the most likely explanation of why size selectivity in entrapment gears varied among past studies and often differed with our findings.
Identifying appropriate sampling gears for detecting and monitoring invasive fishes is a high priority for fisheries managers (e.g., Basler and Schramm 2006; Diana et al. 2006) . The round goby is an invader in North America and Europe (Corkum et al. 2004) , and monitoring of their spread and population trends is therefore of considerable interest (Clapp et al. 2001; Sapota 2004; Johnson et al. 2005) . We found that small-mesh fyke nets readily captured round gobies in shallow-water habitats and were much more efficient at collecting round gobies than boat electrofishing at night. Previous work in Muskegon Lake also suggested that small-mesh fyke nets were a better option for sampling round gobies than daytime beach seining (Breen and Ruetz 2006) . Although our results and those of Breen and Ruetz (2006) show that entrapment gear can be effective for capturing round gobies, not all passive gears have performed well. Johnson et al. (2005) found that pot gears (e.g., minnow traps) performed poorly for capturing round gobies. We suspect that gear design partially explains differences in effectiveness among passive gears. For instance, the inside diameter of funnel openings (Shoup et al. 2003; Diana et al. 2006 ) and the distance from funnel opening to bottom of trap probably affect rates of fish entry and escape from entrapment gear. However, factors other than gear design (potentially related to location or habitat) also are probably important because minnow traps of similar design were effective for capturing round gobies in Lake Michigan (Diana et al. 2006) but not Lake Erie (Johnson et al. 2005) . Therefore, use of multiple gears will increase the probability of detecting invasive fishes.
In conclusion, combined use of small-mesh fyke nets and boat electrofishers better represented fish species composition and size structure than either gear alone and increased the detection of rare species. However, use of both gears probably does not eliminate sampling bias. Beamesderfer and Rieman (1988) showed that pooling samples across multiple gears did not eliminate size selectivity (and presumably species selectivity) because each gear did not exactly balance the selectivity of other gears. Comparison of our results with those of other similar studies showed that gear bias is probably dependent on gear design, sampling protocols, and types of habitats sampled. Thus, common generalizations about the types and sizes of fishes captured with entrapment gears and electrofishers (see our initial hypothesis in Introduction) are probably too simplistic and might not be helpful when MANAGEMENT BRIEF planning and initiating fish assemblage surveys that use slightly different sampling protocols and gear designs.
